Phytochemical investigation on the stems of Pileostegia viburnoides Hook.f.et Thoms led to the isolation of twelve compounds, including two steroids (1 and 10), two fatty compounds (2 and 12), seven triterpenoids (3-9), and one coumarin glycoside (11). 24-methylene-5α-dammara-20(21)-en-3β-yl acetate (5), a rare dammarane-tetracyclic triterpene had been first reported just according to the typical 1 H-NMR signals analysis, melting point and optical rotation in 1975. However, the complete and reliable NMR and mass data were still unknown. This is the first time to identify the planar and spatial structures of compound 5 by the analysis of 1D-, 2D-NMR, mass data and other physicochemical properties, as well as by comparison of the spectral data with the literature. Further more, the anti-inflammatory and anti-neuroinflammatory activities of dammarane-type triterpenes 4 and 5 were evaluated.
Pileostegia viburnoides Hook.f.et Thoms (Saxifragaceae) is mainly distributed in the south of the Yangtze River in China, which has the effects of expelling wind and removing dampness, scattered stasis and relieves pain, removing toxin for detumescence, etc. As Miao ethnomedicine, it is mainly used for treating rheumatic numbness, rheumatic arthritis, injuries from falls, bone fracture, lumbago due to the kidney deficiency, bleeding caused traumatism and anti-cancer [1, 2] . In the previous study, thirty-eight secondary metabolites including sixteen triterpenoids, five coumarins, eight steroids, one alkaloid, one phenolic acid, and seven aliphatics, were reported from P. viburnoides [3, 4] . The chemical compositions of essential oils from leaves and stems of P. viburnoides were analyzed by GC-MS, respectively [5, 6] . In addition, the antiinflammatory and analgesic effects of the extracts from stems of P. viburnoides were reported [7, 8] .
In this work, the further phytochemical study on the methanolic extract of stems of P. viburnoides led to the isolation and identification of twelve compounds, including the unusual tetracyclic triterpenoid, 24-methylene-5α-dammara-20(21)-en-3β-yl acetate (5) (Figure 1 ). The other compounds were elucidated to be β-sitosterol linoleate (1) [9] , methyl linoleate (2) [10] , taraxerone (3) [11] , dammara-20,24-dien-3β-yl acetate (4) [10, 12] , β-amyrin (6) [13] , taraxerol (7) [14] , taraxeryl acetate (8) [15] , epifriedelinol (9) [10] , β-sitosterol (10) [11] , skimmin (11) [16] , and n-octatriacontane (12) [17] (Figure S27 ). Their chemical structures were determined by physicochemical properties and spectroscopic methods (The NMR spectral data of compounds 1-4 and 6-12 see supporting information). Moreover, the cytotoxicity and inhibition effects of production of NO on lipopolysaccharide (LPS)-induced RAW264.7 and BV2 cells of 4 and 5 were investigated.
Compound 5 was obtained as a white powder (hexane), mp. 145-147°C, and gave a positive reaction in the Liebermann-Burchard Table 1 ), with the typical olefinic carbons at δ 153.0 (C-20) and 107.5 (C-21) as well as 156.1 (C-24) and 106.3 (C-31), five quaternary methyl carbons at δ 15.7, 16.0, 16.4, 16.6, and 28.1, one acetoxyl group carbons at δ 21.4 and 171.1, one acetoxyl-methine carbon at δ 81.0 (C-3), and the characteristic terminal isopropyl signals at δ 34.1 (C-25), 22.0 (C-26) and 22.0 (C-27), respectively. Assignments of the β-acetoxyl group at C-3 and the β-orientation of the side chain at C-17 were performed by comparing its spectral data with literature values [10, 12] . .84) to C-24 (δ 156.1) and C-25 (δ 34.1). These evidences further confirmed that the side chain was linked at C-17 and the acetoxyl group at C-3 as well as the linkages of the terminal methylene moiety and the isopropyl group (Figure 2 and Table S1 ).
The NOESY spectrum of 5 showed the correlations between the protons of H-3 and H-2 eq , H-3 and H-5, H-5 and H-9, H-5 and H-11 eq , suggesting that H-3 was axial orientation, which in turn suggested that the acetoxyl group at C-3 was β-positioned. Similarly, cross-peaks between H-28 and H-5 as well as H-2 eq , which indicated that the methyl group (CH 3 -28) was equatorial and CH 3 -29 was axial. Furthermore, cross-peaks between H-21a (δ 4.74) and H-13 (δ 1.65), between H-30 and H-17 as well as H-16 ax , confirmed that the side chain group at C-17 was β-positioned ( Figure 3) . Based on the above spectral data, the structure of 5 was determined as 24-methylene-5α-dammara-20(21)-en-3β-yl acetate. Moreover, the cytotoxicity and inhibition of production of nitric oxide (NO) of dammarane-type tetracyclic triterpenoids (4 and 5) from P. viburnoides were investigated on LPS-stimulated RAW264.7 and BV2 cells. As shown in Figure 4A , compound 4 showed that the production of NO was down-regulated significantly when the concentration was 80 μM with the inhibition as 71.0% by LPS-stimulated RAW264.7 macrophages. Compounds 4 and 5 showed moderate inhibitory effects on production of NO when the concentration was 80 μM with the inhibition as 44.3 % and 49.0 % in LPS-activated BV2 microglias ( Figure 4B ). The results demonstrated that compound 4 may possess potential antiinflammatory activity and compounds 4 and 5 may be potential anti-neuroinflammatory agents.
Experimental
General: Melting points (uncorrected) were measured using a Boetius micromelting point apparatus (Beijing Jingjing Science and Technology Co., Ltd., Beijing, China). Optical rotations were measured in CHCl 3 with a JASCO P-2000 polarimeter (Tokyo, Japan). 1 H-NMR (400 MHz), 13 C-NMR (100 MHz) and 2D-NMR were recorded at room temperature in CDCl 3 or CD 3 OD using JEOL JNM ECP-400 spectrometer (Tokyo, Japan) and chemical shifts were presented in δ (ppm) value relative to tetramethylsilane (TMS) as internal standard. HR-ESI-MS was performed on a Q-TOF micro LC-MS/MS instrument (Waters, Milford, MA, USA) at Korea University, Seoul, Korea. Semi-preparative HPLC was performed on an LC-20A liquid chromatograph (Shimadzu Technologies, Kyoto, Japan). Column chromatography was carried out on silica gel (Kiesel gel 60, 70-230 mesh and 230-400 mesh, Merck). TLC was conducted on Kiesel gel 60 F 254 (1.05715; Merck, Darmstadt, Germany) plates and spots were visualized by spraying with 10% H 2 SO 4 in distilled water (v/v) followed by heating at 105 o C. 
Extraction and isolation:
The air-dried, powdered stems of P. viburnoides (10 kg) were extracted with methanol under reflux four times (4 × 30L). The solvent was removed under reduced pressure to give a residue (580 g), which was suspended in distilled water and successively partitioned with petroleum ether (PE, 60-90), EtOAc and n-BuOH, respectively. The PE extract (89.7 g) was subjected to column chromatography (CC) on silica gel eluting with a gradient of PE -EtOAc MTT assay for cell viability: RAW264.7 macrophages and BV2 microglias were maintained at 5 × 10 5 cells/mL in Dulbecco minimum essential medium (DMEM) medium supplemented with 10% heat-inactivated FBS, penicillin G (100 U/mL), streptomycin (100 mg/L), and L-glutamine (2 mM) and incubated at 37°C in a humidified atmosphere containing 5% CO 2 . Cell viability was determined by adding 100 mg/mL of MTT to 1 mL of a cell suspension (1 × 10 5 cells/mL in 96-well plates) and incubated for 30 min. The formazan formed was dissolved in acidic 2-propanol, and the optical density was measured at 540 nm.
Nitrite assay: The concentration of nitric oxide (NO) in the conditioned media was determined by a method based on the Griess reaction [18] . Cells were pretreated with or without various concentrations of compounds 4 and 5 (20-80 μM) for 3 h and then stimulated with LPS (1 μg/mL) for 24 h. The control group was not treated with LPS or compounds 4 and 5. An aliquot of each supernatant (100 mL) was mixed with the same volume of Griess reagent (0.1% (w/v) N-(1-naphathyl)-ethylenediamine and 1% (w/v) sulfanilamide in 5% (v/v) phosphoric acid) for 10 min at room temperature. The absorbance of the final product was measured spectrophotometrically at 540 nm using an ELISA plate reader. The nitrite concentration in the samples was determined from a standard curve of sodium nitrite prepared in phenol red-free DMEM.
Statistical analysis:
All values are expressed as the mean ± S.D. Differences between mean values of normally distributed data were assessed with one-way ANOVA (Newman Keuls t-test). Statistical analysis was performed using GraphPad Prism software, version 3.03 (GraphPad SoftwareInc., San Diego, CA, USA) and statistical significance was accepted at P < 0.05.
Supplementary data:
The following 1 H-NMR, 13 C-NMR, 2D-NMR, and HR-ESI-MS spectra of compound 5, chemical structures of isolated compounds 1-12, and NMR spectral date of compounds 1-4 and 6-12 are available as supporting data.
